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OVERALL PROGRESS 

5, .. 
Recent source design modif icat ions have improved ion iza t ion  e f f i c i ency  

and power input  t o  l e v e l s  above 99% a t  60-70 ev/ion a t  i on  flow r a t e s  of 

about 1.6 amperes. Two simple d i s t r i b u t i o n  probes have been b u i l t  and t e s t e d  

t o  demonstrate ti.e e f f ec t iveness  of  t h e  concepts involved. The design of a 

more v e r s a t i l e  and accura te  probe i s  pre'sently being draf ted .  

t i o n s  t o  t h e  vacuum system have been completed t o  f a c i l i t a t e  more r igorous 

instrumentation. Two simple sources have been t e s t e d  f o r  d i s t r i b u t i o n  t o  

i d e n t i f y  broad problem areas, an& a s e r i e s  of sources  f o r  f u r t h e r  t e s t i n g  have 

been b u i l t .  

t o  t h i s  program. 

Major modifica- 

During t h e  per iod 4-1 t h x  4-28-63, 526 man-hours have been appl ied 

HARDWARE 

A series of i on  source/expansion devices a r e  shown i n  Figs.  1-4. The 

simple nozzle  shown i n  Fig. 1 u t i l i z e d  a boron n i t r i d e  nozzle  t o  in su re  t h a t  

t h e  arc passed through t h e  e n t i r e  cross  sec t ion  of t h e  plasma, from t h e  hollow 

cathode t o  t h e  ex te rna l  r i n g  anode. Fig. 2 shows a design b u i l t  t o  i n v e s t i g a t e  

t h e  e f f e c t  of an a x i a l  e l ec t rode  on ion iza t ion  and power input .  Fig. 3 is a 

series of mul t ip l e  f u e l  passage sources,  designed t o  ga ther  empir ical  da t a  on 

t h e  e f f e c t  of mul t ip le  d i r ec t ed  streams, t h e  type of d i s t r i b u t i o n  from r e l a t i v e l y  

long t h i n  tubes,  and t h e  e f f e c t  of nozzle ha l f  angle  on beam spreading and 

c u t o f f .  These devices have not been t e s t ed .  The source shown i n  Fig. 4 w a s  

designed from an approximate a n a l y t i e a l  study conducted under another  con t r ac t ,  

Here t h e  annular  nozzle is  d i r ec t ed  outward t o  a i d  r ap id  beam spreading, the 

con ica l  nozzle  is  designed t o  provide cutoff  of t h e  beam, and t h e  rounded pLux 

t o  allow dispers ion  toward the center .  

Figs. 5, 6 ,  and 7 are informal sketches of  d i s t r i b u t i o n  probes. The fipst 

two are in te r im devices,  r ap id ly  desigqed and b u i l t  t o  demonstrate f e a s i b i l i t y  

and t o  provide rough d i s t r i b u t i o n  data .  

of t h e  f i r s t  two, and i n  addi t ion  is mounted on a s l i d i n g ,  r o t a t i n g  sha€t for  

examination o f  t h e  beam over a wide range of pos i t ion .  T h i s  device is  p resen t ly  

i n  d r a f t i n g .  

The t h i r d  probe combines t h e  bes t  po ip t s  



. I 

The o r i g i n a l  vacuum system f o r  t h i s  program was an 18" diameter b e l l  jar  

w i t h  a hemispherical g l a s s  end; a l l  penetrat ions w e r e  through one steel p l a t e  

which blanked of f  t h e  open end of the b e l l  j a r .  

an 18" diameter pyrex cy l inder  15" long, and a second steel backplate  w i t h  

provis ion f o r  mul t ip l e  pene t ra t ions  has been fabr ica ted .  T h i s  modif icat ion w i l l  

permit downstream placement of a l l  mounting and e l e c t r i c a l  connections t o  beam 

measuring devices. A rough sketch i s  shown i n  Fig. 8 .  

This  has been replaced w i t h  

EXPERIMENTAL RESULTS 

Ioniza t ion  and Power Eff ic iency 

With t h e  source sketched i n  Fig. 1, a series of tests were run t o  optimize 

the  placement of t h e  r i n g  anode. The r e s u l t s  are shown i n  Fig. 9, and can be 

in t e rp re t ed  as follows: t h e  apparent increase  of t o t a l  flow (a) a s  measured by 

direct t i t r a t i o n  of t h e  probe contents,  w i t h  decreasing e l ec t rode  gap is  due t o  

ion  in t e rcep t ion  and s c a t t e r i n g  by t h e  anode. When the  anode is f u r t h e r  down- 

stream, it i n t e r c e p t s  a l a rge r  f ac t ion  of t he  flow, and a t  least some of these 

p a r t i c l e s  never reach t h e  probe a s  either ions  o r  neu t r a l s .  The  increase  i n  

ion iza t ion  w i t h  decreasing electrode gap can a l s o  be explained by anode i n t e r -  

cept ion,  s i n c e  some of the scattered ions  w i l l  be neut ra l ized  and eventual ly  

reach t h e  cold probe as neut ra l s .  

- +l%, represent  s a t i s f a c t o r y  source performance f o r  t he  present ,  and emphasis f o r  

the  immediate f u t u r e  is placed on plasma expansion. T e s t s  w i t h  Source IC1 did net 

r e s u l t  i n  increased e f f ic iency .  

These resul ts ,  which are accura te  t o  better than 

Expansion of Plasma 

With t h e  source shown i n  Fig. 1 and t h e  probe shown i n  Fig. 5, an experiment 

w a s  run  t o  determine roughly t h e  d i s t r i b u t i o n  t o  be expected from a simple 

converging-diverging nozzle. The r e s u l t s  are approximately represented by a cos 

d i s t r i b u t i o n ,  where 8 is  t h e  angle  from the beam axis .  

e n t i r e l y  unsa t i s fac tory ,  peaking sharply along t h e  beam a x i s  and r e t a i n i n g  only 

67% of t h e  beam between t h e  3:l dens i ty  limits. 

lZQ 

T h i s  d i s t r i b u t i o n  i s  

Source I1 (Figure 2) w a s  run with t h e  same probe and gave r e s u l t s  approxi- 
3 4 mated by a cos 8 o r  cos 8 d i s t r ibu t ion .  This  d i s t r i b u t i o n  is  s t i l l  t o o  sharply 
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peaked along t h e  axis, and i n  addition retains only 25%-30% of t he  t o t a l  flow 

within t h e  3:l dens i ty  l i m i t s .  

The main d i f f i c u l t y  i n  these  tests is  t h e  lack of p rec i s ion  and v e r s a t i l i t y  

of t hese  f i r s t  probe designs,  and t h e  t i m e  necessary t o  analyze a run. 

obs tac les  should be overcome when t h e  probe shown i n  Fig. 7 i s  put i n t o  operation. 

Both 

Accelerator  T e s t s  

Some prel iminary ion  acce lera t ion  tests have been performed under Contractors 

Independent Research and Development Funding which are pe r t inen t .  Accelerator 

work t o  be performed later under the  present  cont rac t  w i l l  undoubtedly rest 

heavi ly  on t h e  ground work now being la id ,  and it is  intended that these  monthly 

r epor t s  r e l a y  b r i e f l y  t he  o v e r a l l  progress of t h i s  phase of t h e  work. 

Accelerator  r e s u l t s  pe r t inen t  t o  t h e  present  cont rac t  are incomplete t o  

da te ,  but beam acce le ra t ion  has been observed with a plasma expanded from a high 

dens i ty  source of  t h e  type described above. A high acce le ra to r  impingement rate 

and i n a b i l i t y  t o  hold rated vol tage  a r e  problems p resen t ly  being pursued. 

detai led r e s u l t s  have not y e t  been published, and w i l l  be referenced i n  a la ter  

repor t .  

The 

PLANS FOR NEXT MONTH 

The sources shown i n  Figs. 3 and 4 (10 combinations) w i l l  be tested for 

plasma expansion with t h e  double p l a t e  probe (Fig. 5) u n t i l  t h e  improved probe 

is  completed. I n s t a l l a t i o n  of the  improved probe and more detailed d i s t r i b u t i o n  

tests w i l l  follow, 

A q u a l i t a t i v e  study w i l l  be  made of t h e  necessary elements of a good expan- 

s ion  device,  based on experimental and a n a l y t i c a l  approximations, and t h e  

a n a l y t i c a l  study of t h e  aerodynamic expansion device w i l l  be i n i t i a t e d .  

Some f l u x  p l o t t i n g  and/or e l e c t r o l y t i c  tank devices w i l l  be s tud ied  t o  

confirm o r  modify t h e  present  computer designed acce lera tor .  
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F i p r e  5 
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